Digitally stored information can be manipulated mathematically to
extract particular details hidden in a mass of data. Here the mathe-
matics of statistics enters to point up hidden trends and correlations.
In medical science, physiological modeling opens up possibilities for un-
derstanding the biological functions of organs as well as the design of
effective prosthetic devices. Perhaps the most spectacular success of
medical computing is its use in computerized X-ray tomography, as well
as other advances in noninvasive diagnosis which make use of ultrasonics,
nuclear magnetic resonance, and positron emission tomography.

The full impact of the computer will develop over coming decades.
As with the invention of the steam engine, the computer has an enor-
mous potential to enhance our lives. Initiatives currently being discussed
for supercomputers and fifth generation computers (aimed at artificial
intelligence, pattern recognition, knowledge processing, etc., as well as
scientific computing) can only partially succeed unless such hardware is
complemented by new mathematical points of view.

The architecture of the present computer is sequential; it is called
the von Neumann machine after the man who showed how to imple-
ment this idea of programming. In the coming revolution of computing
hardware, organization will be parallel rather than sequential. It will be
designed much more like the slower but far more complex parallel struc-
ture of the brain and will certainly require a new conceptual approach to
harness and to program. For all its uses, the computer depends critically
on ideas, insights, and methods from mathematics.

3. MATHEMATICAL PHYSICS

Modern theoretical physics provides the most striking example of
the way mathematics and science complement one another. Whole fields
of mathematics have been born from attempts to understand the laws
of physics. Reciprocally, mathematics has provided the language of
physics. In overview one sees parallel developments in these two sub-
jects. We describe here a few of the triumphs of mathematical physics.

Group Theory and Quantum Mechanics

The theory of group representations has had far-reaching impact on
quantum theory and more generally on understanding the symmetries
of nature. An object is said to have a symmetry if it is essentially
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